INTRODUCTION {#cesec10}
============

The diagnosis of conditions that cause claudication in children is a challenge[@bib1], [@bib2], even for more experienced professionals that are accustomed to dealing with patients who are not forthcoming with information. Usually, disorders that cause abnormal gait can be divided according to the pattern of claudication and the age at which they appear[@bib3]. To facilitate the pediatrician\'s approach, who is usually the first doctor to be sought, three age groups should be considered: toddlers, which includes children who are learning to walk (one to three years); school-aged children, with a more mature gait pattern (four to 10 years); and adolescents (11 to 15 years[@bib4]).

Thus, a systematic approach should be created for each age group in order to obtain a more accurate evaluation geared to the conditions of the age, in particular to keep in mind what tests should be ordered in each case, optimizing the likelihood of obtaining an early diagnosis[@bib5].

*We must note that children start walking at around 12 months with support and that at 18 months, in general, they begin to walk independently, with movements that remain uncoordinated, maintaining an immature pattern until around five years of age, and reaching the adult pattern at age seven.*

Claudication is often associated with pain, and the antalgic gait pattern observed is characterized by a rapid pace and minimal weight loading onto the painful extremity, shortening the stance phase. This is the most common type of claudication[@bib6], [@bib7] and, in general, is easily detected by dynamic physical examination, complemented by inspection of signs of localization such as inflammation and post-traumatic symptoms, which are often present, and careful palpation of the affected areas in which the child senses pain. The antalgic type, secondary to trauma, will not be discussed in this article.

THE TODDLER PERIOD-FROM ONE TO THREE YEARS OF AGE {#cesec20}
=================================================

These patients are those that result in greatest diagnostic difficulty with regard to gait problems[@bib2], [@bib8], [@bib9]. Because of being of such a young age, this is a group that is not very helpful in relation to the data gathered during the interview, which is most often obtained only through the complaints of the parents, as well as the physical examination.

Another important fact that we should not forget is that children this age have an immature gait pattern[@bib10], [@bib11], characterized by broad-based, increased flexion of the hips and knees, and arms beside the body with the elbow extended, all this to improve the swing phase, which is naturally unbalanced. Since they cannot increase the size of their steps because of the lack of neuromuscular maturity, toddlers increase their pace with the aim of gaining speed. All of this variation in the walking pattern should be evaluated and considered when determining whether claudication is really present.

If, in fact, gait alteration is detected, the most likely diagnoses related to this group of children include transient synovitis, septic arthritis, neurological disorders (mild cerebral palsy (CP) and muscular dystrophy), developmental dysplasia of the hip (DDH), coxa vara, juvenile rheumatoid arthritis (JRA), and neoplasms (osteoid osteoma, leukemia)[@bib7], [@bib11], [@bib12].

Inflammatory/infectious disorders {#cesec30}
---------------------------------

### Transient synovitis vs. septic arthritis {#cesec40}

These two conditions lead to acute claudication pain, leaving doubt in their differential diagnosis[@bib13], [@bib14]; the two should be well distinguished from one another by their evolution, which is generally favorable in the case of synovitis and disastrous in the case of pyoarthritis, if appropriate action is not taken. The hips are the most commonly affected site. Transient synovitis presents with claudication that ranges from mild to moderate, but children do not normally stop performing their usual activities, however, the pain can drag on for days (about seven to ten days) until the resolution, which is gradual and occurs spontaneously in most cases. Children with septic arthritis tend to be more irritable, less collaborative, may refuse to walk in some cases, besides generally having poor overall health. Mobilization of the joint during the physical examination is usually more limited in septic arthritis, but if there is still any doubt regarding diagnosis, laboratory tests should be ordered.

The white blood cell count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) are generally within the normal range in synovitis, whereas they are high in septic arthritis. High fever (\> 38.5°C) is also considered an important positive predictor of septic arthritis[@bib14].

If they are slightly elevated or normal but borderline and the clinical picture is more intense, joint puncture is needed for elucidation[@bib6], [@bib15]. In septic arthritis, the white blood cell count in the analysis of aspirated material is between 80,000 and 200,000 with more than 75% polymorphonuclear cells, while in transient synovitis it is around 5,000 to 15,000, with less than 25% polymorphs. Gram staining should also be sought in the analysis of the material to help in the selection of the antibacterial to be used in the case that arthritis is confirmed, even though it is known that S. aureus is the most common pathogen, until it is isolated in culture, other agents such as Group B Streptococcus, Pseudomonas aeruginosa and Haemophilus influenza should be considered.

### Juveline rheumatoid arthritis (JRA) {#cesec50}

The child who has mildly painful and insidious claudication at the beginning of the walking, at around two years of age, may be manifesting the early symptoms of the pauciarticular form of JRA. This form, which is also the most common, is most prevalent in girls, at a ratio of 4:1. The most frequently affected joints are the knees and ankles, and it is accompanied by swelling, local warmth, and a decreased range of joint movements.

Laboratory tests such as WBC count, ESR, rheumatoid factor, and ANA (antinuclear antibody) may be normal during the initial clinical evaluation in up to 50% of cases, which should not rule out its diagnosis[@bib16].

The clinical picture is usually intermittent, improving with rest, analgesics, and restriction of activity. However, if the swelling persists, a pediatric rheumatologist should be consulted.

Neurological disorders {#cesec60}
----------------------

### Cerebral palsy (CP) {#cesec70}

Most children begin to take their first steps around 12 months of life and evolve to walking without assistance within a normal range of around 18 months. If there is a delay in walking beyond that age or if it is abnormal from the start, it is more likely that a neurological disorder is present.

The most common neurological disorder that leads to claudication when walking, which may go unnoticed before the child\'s first steps, is mild cerebral palsy[@bib6].

The muscle imbalance is smaller in these patients, which may raise doubts during diagnosis, unlike what occurs in the spastic gait characteristic of CP. However, a good clinical examination will show a limited range of motion of the knee and ankle, presence of clonus and hyperreflexia, which differentiate the problem. From there, parents should be advised about the condition and the child referred to a multi-specialty treatment center, with a pediatric orthopedist managing the therapeutic guidelines.

### Muscular dystrophy {#cesec80}

In this unusual condition, a delay in the beginning of walking is accompanied by a history of repeated stumbling, frequent falls, and difficulty climbing stairs due to weakness of muscles proximal to the root of the limb (especially the gluteus maximus, gluteus medius, and quadriceps); the calf, therefore, exhibits false hypertrophy and a positive Gowers sign, in which the child placed in prone position and asked to get up is "climbing over his/herself" ([Figure 1](#fig1){ref-type="fig"}).

As a diagnostic test, the serum creatine phosphokinase (CPK) level may be requested in the early stages of dystrophy, and may be 200 to 300 times the normal level[@bib17].

*In general, the patient is taken to the doctor at around three to six years of age, boys are almost exclusively affected, as it is X-linked recessive.*

There may be a positive family history, the disease is progressive and evolves slowly. Patients usually die during the second or third decade of life from respiratory failure or cardiac arrest.

Developmental/congenital disorders {#cesec90}
----------------------------------

### Developmental dysplasia of the hip (DDH) {#cesec100}

When it passes unnoticed at birth and during the first months of life, persisting beyond the age of walking without a diagnosis, this condition delays the onset of walking and causes a painless kind of claudication. It may be unilateral or bilateral. When it is unilateral, the affected limb is shortened and the child walks on tiptoe, hip abduction is limited, with tension in the adductors, and there may be slight flexion contracture of the hip. When it is bilateral, the child increases lumbar lordosis to walk, the gait resembles the duck walk, the trunk is balanced by limiting abduction, and there is bilateral insufficiency of the gluteus medius (positive Trendelenburg sign). An AP radiograph of the pelvis easily confirms the diagnosis at this age, showing the dislocation or subluxation of the hip, making other imaging tests unnecessary ([Figures 2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}).

### Coxa vara {#cesec110}

The clinical picture here, regardless of whether the condition is congenital or developmental, is similar to that of DDH, although it is much less common at a ratio of 1:20. On physical examination, it is distinguished from congenital hip dislocation by the prominence of the greater trochanter region secondary to functional muscle weakness, and internal rotation, which is also limited in the later stages. However, a conclusive diagnosis is made by AP radiography of the pelvis ([Figure 4](#fig4){ref-type="fig"}), where dislocation is not observed, though the neck is in a position almost perpendicular to the femoral diaphysis and the growth plate is vertical.

Neoplastic disorders {#cesec120}
--------------------

### Osteoid osteoma {#cesec130}

It is uncommon in children under the age of five, however, when present, diagnosis is a challenge, especially at the beginning of walking age. It causes claudication pain, predominantly at night, and may pass undetected on radiographs. Clinical examination is unremarkable, pain on palpation is unusual, however, as a general rule, there is significant improvement with the use of salicylates (aspirin), which may increase suspicion. In such cases, scintigraphy can be a valuable tool and has shown itself to be highly sensitive[@bib18] in aiding the diagnosis and localization of the lesion.

### Leukemia {#cesec140}

It may also be responsible for claudication pain in children[@bib19], even in their first steps. Moreover, its peak incidence occurs between two and five years of age, with musculoskeletal complaints in roughly 20% of cases[@bib20].

The clinical picture, in affecting the joint and the presence of bone pain, fever, and lethargy, is similar to arthritis and osteomyelitis, with the differential diagnosis associated with the presence of other systemic changes, such as hepatosplenomegaly, hemorrhagic suffusion, and bleeding[@bib6].

X-rays may be normal, as in osteoid osteoma, scintigraphy may not register changes and laboratory tests at the initial stage can also create doubts, and there may be nonspecific elevation of ESR and peripheral leukocyte count[@bib6], [@bib19], [@bib20]. If other diagnoses are ruled out and suspicion persists, the child should be referred to a hematologist for bone marrow evaluation.

THE SCHOOL AGE PERIOD-FOUR TO 10 YEARS OF AGE {#cesec150}
=============================================

At this age, children tend to be more cooperative during the exam and already have more mature gait patterns, facilitating the identification of disorders. In addition, complaints are considered important at this stage, when the child is more interested in playing and has no desire to move away from their usual activities.

Because of vigorous activity during the day and muscle fatigue that follows it, complaints of pain at night and during rest are common, which are generically referred to as "growing pains"; however, other causes should be ruled out before reaching this conclusion. Its diagnosis is predominantly clinical[@bib21] and three criteria can be used to help clarify whether we are dealing with a case of "growing pains": leg pain is bilateral, occurs only at night, and there are no complaints or limping during the day, often improving with massages and without medication[@bib7].

The same diseases described above for children at the beginning of walking age should be remembered, especially transient synovitis, which is more frequent between the ages of three and eight years and is the most common cause of claudication pain throughout childhood. Besides these conditions, three others may be diagnosed during this period: Legg-Calvé-Perthes disease[@bib22], [@bib23], discoid meniscus, and discrepancies in leg length.

Legg-Calvé-Perthes disease {#cesec160}
--------------------------

Perthes disease is characterized as avascular necrosis of the femoral head, and is a condition of unknown cause and self-limiting behavior that affects children between four and eight years of age (80% of cases). It is more common in boys at a ratio of 4:1. In general, the complaint is claudication, pain is infrequent but manifests itself in the groin, thigh, or radiates to the medial knee when present.

Shortening may or may not be present on physical examination, but the main sign is a limitation of the internal rotation of the hip.

AP and Lauenstein (frog position) radiographs of the pelvis must be requested and the radiographic appearance in the early stages, especially in the frog position, appears as a translucent subchondral line ([Figure 5](#fig5){ref-type="fig"}), and in the later stages, the collapse and fragmentation of the proximal femoral epiphysis of the femur can be seen, with denser areas interspersed with radiolucent areas ([Figure 6](#fig6){ref-type="fig"}).

The treatment for this condition is greatly variable and the child should be referred to the pediatric orthopedist in order to begin treatment, and should be generally directed to cease weight bearing on the affected limb with the help of crutches or a wheelchair.

Discoid meniscus {#cesec170}
----------------

It is a congenital deformity of the meniscus, in which it is enlarged and thickened, widely or completely covering the lateral or medial tibial plateau, with the former being much more common[@bib24].

Discoid meniscus is usually a rare cause of claudication pain that worsens with activity. In addition, the patient usually has a total extension deficit and feels clicking in the knee[@bib25].

The age range for which clinical complaints begin ranges from three to 12 years, but is most common between eight and 12 years of age[@bib26], [@bib27]. On physical examination there is pain on palpation of the lateral joint line on examination of the meniscus. X-rays may provide an indirect sign of the problem via a widening of the lateral joint space, accompanied by the flattening of the femoral condyle, but may raise doubts for even the most experienced doctors, while magnetic resonance imaging (MRI) will confirm the diagnosis in cases of strong suspicion[@bib27].

Discrepancy of the lower limbs {#cesec180}
------------------------------

A discrepancy of leg length with a progressive and slow onset is evident in this age group. When the onset is a single limb, support on tiptoes is observed in the shortened limb, performed in order to level the pelvis and maintain balance while walking.

Measurement with a tape measure of the distance between the anterior superior iliac spine and the medial malleolus with the legs in extension verifies an apparent difference in length between the legs.

In general, a difference of 2.0 cm is considered clinically significant and requires at least outpatient monitoring. To discover the causes of the discrepancy, a panoramic radiograph of the lower limbs in orthostasis ([Figure 7](#fig7){ref-type="fig"}) should be requested and can provide information about the probable causes (fibular hemimelia and congenital short femur in its milder forms, early closure of growth plate due to impact trauma or infection), as well as the segment of the limb that is affected (proximal/distal femur or proximal/distal tibia).

THE ADOLESCENT PERIOD-11 TO 15 YEARS OF AGE {#cesec190}
===========================================

Patients in this age group behave differently, providing more precise information, interviews can be conducted directly with details of symptoms, besides their collaboration in a more complete physical examination.

One must be careful when evaluating these patients to keep in mind their excessive and compulsive desire to return to sports, when they tend to minimize the problem, or, on the other hand, to move away from physical activity, when they maximize the problem.

The most likely diagnoses in this age include proximal femoral epiphyseal slip (epiphysiolysis), DDH, chondrolysis, overuse syndromes, osteochondritis dissecans and tarsal coalition.

DISORDERS OF THE HIP {#cesec200}
====================

Proximal femoral epiphyseal slip (PFES) {#cesec210}
---------------------------------------

The disease that most commonly affects the hips of teenagers, occurs during the growth spurt and two biotypes are more likely, those who are short and overweight and those who are tall and underweight.

It is believed to be closely related to the hormonal changes that occur in this age group, for it may be associated with hypothyroidism, hypogonadism, and the use of growth hormone (GH) supplementation[@bib28].

It may be bilateral in up to 60% of cases and is more prevalent in boys than in girls. Symptoms usually last several months and the complaint is of mild but constant pain in the groin, thigh, or knee, which leads to claudication pain. On examination, abduction and internal rotation are limited, and when attempting to flex the lower extremity, it often assumes a position of external rotation to allow for the progression of hip flexion (Drehmann sign). The pain may have acute and severe onset in unstable slipped capital femoral epiphysis, in which case the prognosis is worse. AP/Lauenstein X-rays of the pelvis define the diagnosis, observing translation and changes in the relationship of the neck with the femoral head ([Figures 8](#fig8){ref-type="fig"} and [9](#fig9){ref-type="fig"}). Treatment is predominantly surgical.

Developmental dysplasia of the hip (DDH) {#cesec220}
----------------------------------------

Developmental dysplasia of the hip may become clinically symptomatic during adolescence, especially in cases of subluxation. The child may have appeared free of any disorder until this stage and present painful discomfort only after prolonged activity, which increases in adolescence and thus begins to result in claudication pain. Physical examination may reveal no or only slight abnormalities, and diagnosis is again effected via AP radiographs of the pelvis in the frog position ([Figure 10](#fig10){ref-type="fig"}).

Chondrolysis {#cesec230}
------------

It is the necrosis of the hip joint cartilage. Although not a common disease, its occurrence is most often associated with PFES and trauma, but there are cases in which the cause is unknown which are not so rare. It is known that girls are five times more affected than boys, and that age of onset is between 12 and 14 years. The clinical picture is similar to other diseases that affect the hip with pain in the groin, thigh, and/or medial knee, and claudication pain, which can range from mild to severe, but in this case the range of motion is limited in all directions. AP and frog position radiographs of the pelvis are needed to confirm the diagnosis with imaging. The radiographic findings are reduction of the hip joint space (more than 2 mm difference between the two sides), greater disuse osteopenia, and subchondral translucency.

Treatment is aimed at the improvement of irritative synovitis, since the process of joint destruction is irreversible.

DISORDERS OF THE KNEE {#cesec240}
=====================

Overuse syndrome {#cesec250}
----------------

Although theoretically any body part that is used in excess during exercise may fall under this concept, the knee is the most commonly affected site. In this age group, the incidence of this condition is increased in proportion to the increase of sports activity. Although pain is the most prevalent symptom, claudication is also a common sign. Stress fractures of the proximal tibia and fibula, patellar tendinitis, and apophysitis of the anterior tibial tuberosity (Osgood-Schlatter disease) are examples. A history of sports activity which worsens the pain, improvement with rest, and tenderness during examination raise suspicion. Radiographs can be difficult to interpret. Scintigraphy can be useful for suspected stress fracture. In the acute phase, rest, ice, and anti-inflammatory drugs are a good initial treatment.

Osteochondritis dissecans {#cesec260}
-------------------------

It is a condition that affects the articular surface with the separation of a localized cartilage fragment with adjacent subchondral bone. It is the most common osteoarticular disease in adolescents and pain is a typical symptom that may or may not be accompanied by claudication. It is also frequently associated with competitive sports. The hip and ankle may also be affected, but the knee is the main site of involvement, specifically the lateral portion of the medial femoral condyle. Physical examination is nonspecific, and the diagnosis is most often made through radiographs ([Figures 11](#fig11){ref-type="fig"} and [12](#fig12){ref-type="fig"}), which should be requested in AP/profile and tunnel.

In general, conservative treatment solves the problem, but often involves radical changes in the patient\'s life, with restricted physical activity for relatively long periods (six to eight weeks).

OTHER DISORDERS {#cesec270}
===============

Tarsal coalition {#cesec280}
----------------

It is characterized by abnormal fusion between two or more tarsal bones. There are early manifestations in the first years of life, but most commonly it becomes clinically evident between 11 and 15 years of age when the initially cartilaginous coalition begins to calcify, producing pain in the sinus tarsi, in the dorsal foot, or in the longitudinal arch, and decreasing the mobility of the foot, with claudication. It may be bilateral in up to 60% of cases, manifesting itself in one foot, especially during physical activity. The fibular muscles are often found contracting and spasming, leading to flat, rigid, and everted foot. When the patient is observed from behind and is asked to stand on the tips of the toes, the foot fails to adduct, which indicates subtalar joint stiffness. Talocalcaneal and calcaneonavicular coalitions are the most common, and may be bony, fibrous, or cartilagenous. The diagnosis, depending on the location and type, can be made by radiographs ([Figure 13](#fig13){ref-type="fig"}), magnetic resonance imaging, or computed tomography ([Figure 14](#fig14){ref-type="fig"}). The treatment is resection of the coalition.

FINAL CONSIDERATIONS {#cesec290}
====================

Claudication in children is a common complaint and is difficult to diagnose. It is necessary to bear in mind the major diseases that cause this disorder according to age group and frequency of appearance, so that details may be sought in the history reported by patients and their caregivers, and to systematically carry out the physical examination according to the conditions in question. Requests for additional tests according to the most likely causes are often indispensable for a correct diagnosis. It is important that this be done early because the treatment and prognosis of diseases take very different and even disastrous directions in cases where there is a delay in defining treatment.

Study conducted at the Pediatric Orthopedics Group, Department of Orthopedics and Traumatology, Irmandade da Santa Casa de Misericórdia de São Paulo, "Fernandinho Simonsen" Pavilion (Director: Prof. Osmar Avanzi).

![Gowers sign (From Gowers WR. A manual of disease of the nervous system. London: Churchill, 1886; 1:391-4).](gr1){#fig1}

![AP radiograph of hip dislocation on the left](gr2){#fig2}

![X-ray in the frog position](gr3){#fig3}

![Developmental coxa vara](gr4){#fig4}

![X-ray in the frog position revealing subchondral lysis (Caffey\'s sign) in the right hip](gr5){#fig5}

![AP radiograph of the pelvis, when we have seen compromise of the left hip with a decreased height of the nucleus and increased bone density with areas of rarefaction](gr6){#fig6}

![Panoramic radiograph of the lower limbs during orthostasis](gr7){#fig7}

![AP X-ray where asymmetry of the epiphyseal height is observed](gr8){#fig8}

![X-ray in the frog position showing a slip of the left side](gr9){#fig9}

![Subluxation of the left hip of a teenage DDH patient](gr10){#fig10}

![Detached subchondral fragment](gr11){#fig11}

![Tunnel X-ray showing the lesion in the lateral portion of the medial femoral condyle](gr12){#fig12}

![Talocalcaneal coalition seen in an oblique foot radiograph](gr13){#fig13}

![CT scan showing coalition in the left foot and a fibrous bar in the right foot](gr14){#fig14}
